Dynamic perifusion to maintain and assess isolated pancreatic islets.
Advances in human islet transplant techniques are hampered by the inability to assess the quality of isolated islets. A flow culture system was developed to perifuse isolated pancreatic islets or cultured beta-cell lines in order to continuously and noninvasively assess cell function and viability with high kinetic resolution. Continuous perifusion of large amounts of islet tissue as isolated from human pancreata enables the use of noninvasive measurement technologies not previously applied to islets. To compare dynamic perifusion of tissue at high density with conventional static cultures, we measured glucose-stimulated insulin secretion and O2 consumption of large amounts of INS-1 cells (45-65 x 10(6)) to confirm that perifused cells were adequately supplied with oxygen and nutrients and remained functionally responsive. Isolated human and monkey islets that were perifused for 18 h showed robust biphasic insulin secretion in response to a step increase in glucose, demonstrating the ability to maintain islets and the high kinetic resolution of the system. As an example of the system's ability to resolve multiple indicator dilution experiments, the retention of [3H]-glibenclamide was kinetically distinguished from that of an extracellular marker. In summary, the perifusion system is able to maintain healthy cells, assess insulin secretion and metabolite fluxes such as oxygen consumption and lactate production, and characterize the kinetics of the interaction between radiopharmaceuticals and islet cells. The ability to systematically assess the metabolic and functional viability of islets will facilitate the optimization of islet isolation procedures, islet transplantation studies, and islet storage methodologies.